The protein encoded by the protooncogene c-jun, included in the activator protein-1 (AP-1) complex, is probably the critical trans-acting factor controlling transcription of the procollagenase gene which is rate limiting for subsequent synthesis of procollagenase. Therefore, to elucidate possible mechanisms whereby IL-1 stimulates procollagenase synthesis, we measured levels of c-jun and procollagenase mRNA in human serum-starved dermal fibroblasts in response to human recom-
1. Abbreviations used in this paper: AP-1, activator protein-l;;2-m, l2-microglobulin; CHX, cycloheximide; hrIL-1#, human recombinant IL-IB; hrTNF-a, human recombinant TNF-a; proC, procollagenase; TNF, tumor necrosis factor; TPA, 1 2-O-tetradecanoyl-phorbol- 13-acetate. volves binding of a nuclear protein to a responsive DNA sequence element, 1 2-O-tetradecanoyl-phorbol- 13 -acetate (TPA) responsive element, in the 5' flanking region of the procollagenase gene (11) . A trans-acting factor identified as activator protein-1 (AP-1) binds to this TPA responsive element with high affinity. The protein product of the c-jun protooncogene, c-JUN, is that component of AP-1 that accounts for the DNA binding; binding of c-JUN is enhanced by formation of a complex with the product of the c-fos protooncogene (12) (13) (14) (15) (16) (17) (18) (19) .
IL-1 has previously been found to increase the levels of the mRNA of the protooncogene c-fos in quiescent human foreskin fibroblasts (20) . We therefore conducted experiments to determine if levels of c-jun mRNA are also increased by IL-1. 
Results
Effects of hrIL-113 on levels of c-jun mRNA. Addition of hrIL-l# (0.1 ng/ml [ Fig. 1 A] or 1.0 ng/ml [ Fig. 1 B] ) to serum-starved human fibroblasts led to a rapid increase in c-jun mRNA levels. Constitutive expression of c-jun was observed in serum-starved fibroblasts after longer exposure ofthe filter (not shown). The increase in levels of c-jun mRNA after stimulation with hrIL-I# was maximal at 1 h and then rapidly decreased, returning to baseline between 3 and 6 h. The pattern of the kinetics was similar in cells that were not serum starved (not shown). FCS (10%) also induced a rapid but small increase (20% that of hrIL-lI3 at 0.1 ng/ml 1 h after addition) in levels of c-jun mRNA in serum-starved fibroblasts; these levels remained elevated longer than with IL-1 (data not shown). Since class I histocompatibility antigens are expressed on the surface of most somatic cells, we measured levels of the mRNA for f32-m as a potential standard ( Fig. 1 A) . Although the levels of f2-m mRNA did not significantly change over the first 3 h after addition of hrIL-l# (0.1 ng/ml), they were increased after 6 h and were still increasing by 24 h. The levels of c-jun mRNA were quantitated as shown in Fig. 1C [7] [8] [9] or FCS (10%, not shown). This augmentation was also observed in serum-starved cells incubated with CHX alone, although less pronounced (e.g., ratio ofCHX:hrIL-I, plus CHX at 6 h was 1:9.5). In an additional experiment, serum-starved fibroblasts were incubated with hrTNF-a (30 ng/ml) and the levels of c-jun mRNA determined after 30 min exposure (Fig.  2) . hrTNF-a also induced an increase in c-jun mRNA levels (Fig. 2, lane 3) , whereas levels of 032-m mRNA did not change significantly.
In these experiments, two transcripts of c-jun were observed in the fibroblasts exposed to hrIL-lI, hrTNF-a, or serum, a major 2.7-kb and a minor 3.4-kb species. These transcripts are consistent with those described previously in HeLa cells (15) and BALB/c 3T3 cells and are accounted for by variations in polyadenylation at the 3' end ofthe mRNAs (22) . For comparative purposes we also assayed forjun mRNA in a malignant cell line, since neoplastic cells frequently express protooncogenes constitutively. mRNA was detected (Fig. 2 , lane 4) in the human colonic tumor cell line, HCT-15 (29) . In these cells, the intensity of the 3.4-kb transcript was low, whereas the intensity of the 2.7-kb mRNA species and a mRNA species of 2.0 kb was similar. The presence of the smaller transcript is probaby accounted for by cross-hybridization of the v-jun probe with the mRNA of the related protooncogene, jun B (30).
Effects ofhrIL-IJ on levels ofproC mRNA. After addition of hrIL-lB (0.1 ng/ml [ Fig. 3 A] or 1.0 ng/ml [ Fig. 3 B] ) to serum-starved fibroblasts, there was a gradual increase in the levels of proC mRNA, clearly detectable by 2 h. The increase was still present at 24 h. Quantitation of the levels of proC (Fig. 4) . The effect of 20% FCS on levels of proC mRNA at 6 h was comparable to that observed with 0.1 ng/ml of hrIL-lI (Fig. 4 , lanes 5 and 6).
CHX (10 ,g/ml) also decreased the levels of proC mRNA in cells exposed to 10% FCS (Fig. 4, mRNA is shown in Fig. 3 C. CHX (10 ug/ml) significantly decreased the levels of proC mRNA in serum-starved cells exposed to hrIL-l 3 ( Fig. 3 A, lane 7; Fig. 3 B, lanes 6-8) . In the absence of other stimuli, CHX did not alter the levels of proC mRNA (not shown). CHX had no effect on levels of 32-m mRNA after addition of hrIL-l , (Fig. 3 A, It had previously been shown that the increased levels of collagenase activity in medium from cells exposed to IL-I could be accounted for by increased synthesis of proC (2, 3) associated with marked increases in the levels of proC mRNA (5-7). The analogous stimulation induced by TPA is accounted for by increased transcription of the proC gene as well as increased stability of its mRNA (31) . It is likely that the effects of IL-1 and other cytokines such as TNF-a are also explained by transcriptional activation.
Possible candidates for transcriptional regulation of genes such as proC are nuclear oncoproteins. For example, IL-la, TNF-a, and FCS have all been reported to increase the levels of c-fos and c-myc mRNA in human foreskin fibroblasts (20) .
The synthesis of c-FOS is essential for transcriptional activation of the proC gene induced by TPA (32) . In NIH 3T3, HepG2, and HeLa cells, TPA also increases levels of c-jun mRNA as well as c-JUN (21, 33). As discussed earlier, AP-1, which includes the proteins c-JUN, c-FOS, and FOS-related antigens, is involved in the activation of proC gene transcription induced by TPA (12) (13) (14) (15) (16) (17) (18) (19) . . Levels of proC mRNA in serum-starved fibroblasts exposed to 10 (33) , IL-I could effect initiation of transcription of c-jun through the formation of a heteropolymer of preexisting c-JUN, c-FOS, and FOS-related antigens.
